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The α cluster structure appears in excited states in A = 4N nuclei which have equal numbers 
of protons and neutrons. The Hoyle state, which is the second 0+ (02+) state at Ex = 7.65 MeV 
in 12C, is typical one and is considered to have a dilute gas-like structure in which three α 
clusters are loosely bound1). This structure is called an α gas-like structure. 
Recently, the α gas-like structure is considered to appear in A≠4N nuclei in which 
constituent clusters occupy mainly the lowest orbit of the cluster mean-field potential. In this 
experiment, we focus on the α gas-like structure in 13C in order to study the role of an excess 
neutron in the 3α gas-like structure. In the orthogonality condition model (OCM) calculation, 
the fifth 1/2+ (1/25+) state at Ex = 14.9 MeV in 13C is considered to have the 3α + n gas-like 
structure in which all constituent clusters including an excess neutron enter into the s orbit2). 
In this 1/2+ state, the weak repulsive even-parity α-n force is considered to make the 
excitation energy higher than the 3α + n threshold. 
In order to search for the 1/25+ state at Ex = 14.9 MeV, we carried out the measurement 
of decay α particles from the 12C(13C,3αn)12C reaction. The 129.2 MeV 13C4+ beam 
accelerated by the 930 AVF cyclotron bombarded the self-supported natural carbon foil with 
a thickness of 50 μg/cm2. The picture of the experimental set-up is shown in Fig. 1. Three 
double-sided silicon strip detectors (DSSDs) were used. The right DSSD (DSSD1) and the 
two left-upper DSSDs (DSSD2, DSSD3) in Fig. 1 were for detections of recoil 12C particles 
and decay 3α particles, respectively. DSSD1 has horizontally 40 channels and vertically 40 
channels with a size of 40 × 40 mm2 and a thickness of 1000 μm. To reduce numbers of 
readout channels, two or three strips were connected into a channel. The total readout 
channels were reduced into 32 channels. DSSD2 and DSSD3 have horizontally and vertically 
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16 channels with a size of 50 × 50 mm2 and a thickness of 1500 μm, respectively. The DSSDs 
were set so as to detect decay 3α particles with the efficiency of 95 % or more in the excitation 
energy from 12.3 MeV to 15.6 MeV. The energy and scattering angle of the decay neutron 
were kinematically calculated from those of the detected recoil 12C and decay 3α particles. 
The identification of the state which has the 3α gas-like structure has been done as 
follows. The state of the 3α gas-like structure is considered to decay through the 12C(02+) + n 
channel, mainly. Therefore, we searched the state which mainly decay through the 12C(02+) + 
n channel in the 3α + n decay channels. Figure 2 shows the total energy distribution of the 3α 
particles in the 3α system obtained by using the invariant mass method. It is clear that events 
around the peak at 7.65 MeV which correspond to those of the 12C(02+) + n decay channel 
can be separated completely. Figure 3 shows the excitation energy spectra of 13C obtained 
from the four momentum of the recoil 12C using the missing mass method. The blue 
histogram shows that of all events in coincidence with three α particles detected in the DSSD2 
and DSSD3. The red histogram shows that of the events which decay through the 12C(02+) + 
n channel among them. Owing to the energy dependence of the detection efficiency of the 3α 
particles emitted from the 12C(02+) state, the energy spectrum of the 12C(02+) + n channel 
becomes a little flat. However, the peak at around Ex = 13.2 MeV is still large compared with 
the other excitation energy region. Therefore, we tentatively conclude that the ratio of the 
decay through the 12C(02+) + n channel in the excited state at around 13.2 MeV in 13C is high 
compared with the surrounding excitation energy region. However, it is mentioned that the 
excitation energy obtained from the energy of the recoil 12C has large errors, at least 300 keV, 
due to the target thickness and some troubles of DSSD. Other details of the experiment and 
analysis are written in Ref. 3), thoroughly. 
In summary, we measured the ratio of the decay branch of the 12C(02+) + n channel 
among 3α decay channels in the 12C(13C, 3αn)12C reaction using the 129.2 MeV 13C4+ beam. 
It was found that the decay ratio of the 12C(02+) + n channel to other 3α decay channels in the 
excited state at around 13.2 MeV in 13C was higher than those in the other excitation energy 
region. In order to obtain the clear conclusion, we have a plan to measure the excitation 
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Figure 1.  Experimental set-up. The 13C beam comes from the lower 
side of the picture. The recoil 12C particle was detected in the right side 
of the DSSD in the picture. Decay-alpha particles were caught in two 




Figure 2.  The total energy distribution in the c.m. frame of the 3α 
system is shown. The energy is added to the 3α threshold energy of 7.27 




Figure 3.  The energy spectra of 13C are shown. The blue histogram 
shows that obtained from the recoil 12C energy in coincidence with 3α 
particles. The red histogram show that gated in the Hoyle state + n 
channel.  
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